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INTRODUCTION  
 
Background of Study 
As can be seen on this modern day, concrete is one of the most popular construction materials 
compared to steel or timber and has been featured in the construction industry for ages. For 
example, beams and columns of a building is using concrete as its construction materials. 
Like normal concrete, lightweight concrete (LWC) has also been successfully used in the 
construction industry. It has gained its popularity due to its lower density and superior thermal 
insulation properties. It is very attractive for construction project especially for multi-storey 
buildings because of the capability of LWC that can reduce the dead load of structural elements 
compared to normal weight concrete. 
One of the materials that can be used in replacing the aggregates to produce lightweight 
concrete is coconut shell. Coconut shell is an agricultural biodegradable waste found in most of 
tropical countries especially in Asia. The husk of a coconut comprises 30 per cent coconut fibers 
and 70 per cent flesh. Coconut shell has low density which satisfied the condition to be used for 
lightweight concrete. It is also a durable non-structural element besides being cheap and easy to 
handle. 
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Problem Statement 
One of the disadvantages of concrete is that it is a heavy building material. This condition 
causes a problem for a worker on the handling process and construction works. For example, a 
wall made from concrete will be hard to be installed without machinery. Besides that, it will also 
require a lot of manpower to handle it. Other than this, heavy building material will caused 
higher total dead load for a building. Hence, the production of this lightweight concrete would 
reduce the dead load of the building. By having lower dead load, a building will be required 
small section of building elements (i.e beam and column). Therefore, small section of building 
elements will reduce total cost of construction and make the handling process easier.   
Objectives 
The objectives for this study are as follows: 
1. To determine the compressive strength of concrete containing coconut shell. 
2. To determine flexural strength of concrete containing coconut shell. 
 
Significant of Study 
The significant of this research was to investigate whether coconut shell can be used as a 
partial replacement for coarse aggregate in concrete and the optimum ratio that the coarse 
aggregate can be replaced. The hope of the findings was to develop a new and suitable material 
to be mixed to produce lightweight concrete with enough strength for construction. Besides that, 
it was to encourage others to be involved in problem solving regarding civil engineering 
generally and construction specifically. 
 
Scopes 
The study was conducted to cover generally on lightweight concrete and specifically on coconut 
shell as a replacement material. The replacement of the materials was expected to have 3 samples 
containing 10%, 20% and 30% replacement of coconut shell and compared with 1 normal 
concrete sample. The test involved was divided into two parts. The first part was for fresh 
concrete that needed slump test while the second part was for hardened concrete involving 
compression and flexural test. 
 
LITERATURE REVIEW 
 
Lightweight concrete (LWC) also stand from a mix of cements, aggregates and the 
mixed with water. It became lightweight when there is a used of different material for 
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aggregates than for normal concrete such as a replacement for coarse aggregates with other 
materials with lighter weight. Caldarone and Burg (2005), Structural lightweight concrete is 
defined as concrete made with low density aggregate having an air-dry density of not more 
than 115 lb/ft3 (1850 kg/m³) and a 28-day compressive strength of more than 2500 psi (17.2 
MPa). Structural LWC usually has an in-place density (unit weight) on the order of 90 to 
115 lb / ft³  (1440 to 1840 kg/m³) compared to normal weight concrete a density in the range 
of 140 to 150  lb/ft³  (2240  to  2400  kg/m³). For  structural  applications  the  concrete  
strength should  be  greater  than  2500  psi  (17.0  MPa). 
Introducing new aggregates into the mix design is a common way to lower a concrete’s 
density. Few studies identified that coconut shells, the agricultural by product can be used 
as aggregate in concrete. According to Daniel (2013) in the experimental study coarse 
aggregate is partially replaced by coconut shell. Percentages of replacement by coconut 
shell were – 0%, 20%, 30%, 40%, 50%, 100%. He concluded that coconut shell can be used 
to produce lightweight concrete and 18.5% replacement of crushed granite with coconut 
shells can be used to produce structural concrete. 
Coconut shell is an agricultural biodegradable waste found in most of tropical countries 
especially in Asia. It is a light-weight material which is becoming much popular nowadays 
because of its easy handling and low dead loads. It is a good alternative for lightweight used 
as it is cheap and quite easy to get. Coconut shell has high strength and modulus properties. 
In the paper Coconut Shell as Coarse Aggregate by Sivalinga and Venkata (2011), were 
investigated the comparative cost analysis and strength characteristics of concrete produced 
using crushed coconut shell as substitutes for conventional coarse aggregate. The finding of 
the research is that coconut shell can be used as material in concrete for construction 
industry. The percentage of coconut shell containing in concrete will influence the 
compressive strength of the concrete as shown in Table 1. 
 
TABLE 1: Compressive Strength of Coconut Shell Concrete (N/mm2) 
Age 
(days) 
Replacement (%) 
0 20 30 40 50 100 
7 15.75 15.18 14.56 12.76 12.17 3.91 
14 18.88 17.06 16.38 12.75 15.17 5.40 
21 20.17 18.33 17.04 16.50 15.86 8.11 
28 20.94 19.70 18.58 17.57 16.65 9.29 
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METHODOLOGY 
 
In this subtopic, it describes on how lightweight concrete containing coconut shells was 
produced and test was included in the process. 
The replacement material for this research was coconut shell for coarse aggregate. There were 
a few steps involved in preparing the material. Getting the raw material is the first one. Coconut 
shell was collected from certain places such as from the farm, factory or else. After that, the 
material was crushed to get a certain size required (20 mm). A crushing machine was used for 
that purpose. Besides coconut shell, other materials used were the same as normal concrete such 
as cement, fine aggregates (sand) and water.  
The tests that were included in this research were divided into two parts which are fresh 
concrete that involve slump test and for hardened concrete that involve compression test and 
flexural test. 
 
RESULTS AND DISCUSSIONS 
A. Properties of Fresh Concrete (slump test) 
Concrete slump test was conducted to determine the workability or consistency of concrete mix 
prepared at the laboratory or the construction site during the progress of the work. The results of 
the slump test are shown in Table 2. 
 
TABLE 2: Slump Test of Concrete with Different Percentage of Coconut Shell  
 
 
 
 
 
 
 
 
 
 
 
Samples Slump 
values 
(mm) 
Types of 
slump 
Control 72 True slump 
10% CS 
replacement 
53 True slump 
20% CS 
replacement 
38 True slump 
30% CS 
replacement 
18 True slump 
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Properties of Hardened Concrete 
For hardened concrete, there were two tests that had been conducted to identify the properties 
of the samples. The tests are compressive strength test and flexural strength test. 
Based on the average strength value of every specimen, the simplified data table can be 
obtained as shown in Table 3. Figure 1 shows the relationship between types of samples and its 
compressive strength 
 
 
TABLE 3: Compressive Strength of Coconut Shell Concrete 
 
 
 
  
 
 
 
 
 
 
 
Samples Strength (MPa) 
7 days 28 days 
Control 31.9 41.5 
10% CS 
replacement 
26.7 35.8 
20% CS 
replacement 
25.7 30.7 
30% CS 
replacement 
8.6 9.3 
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 Figure 1: Relationship between types of samples and its compressive strength 
 
 
Taken the average value for each strength, the simplified data table can be obtained as shown 
in Table 4. Meanwhile, Figure 2 shows the relationship between replacement level of coconut 
shell and its flexural strength at 7 and 28days. 
 
 
 
TABLE 4: Flexural Strength of Coconut Shell Concrete 
 
Samples Strength (MPa) 
7 days 28 days 
Control 3.5 4.1 
10% CS replacement 3.1 3.8 
20% CS replacement 1.4 1.7 
30% CS replacement 1.3 1.5 
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 Figure 2: Flexural Strength of Coconut Shell Concrete at 7 and 28days of age. 
 
CONCLUSIONS 
 
From the result obtained, it is concluded that coconut shell concrete has better workability 
because of the smooth surface on one side of the shells and the smaller size of coconut shells. 
Hence it has proved the potential of coconut shell as the replacing material in the production of 
lightweight concrete where high workability is desirable. 
For the strength test, with coconut shells percentage increase the 7 day strength gain also 
increased with corresponding 28 day curing strength. However, the overall strength decreased 
with coconut shells replacement increased when compared to control concrete. Therefore, it can 
be concluded that increase in percentage replacements by coconut shells reduced the strength of 
the concrete. With the exception of 30% coconut shells replacement in compressive strength 
along with 30% and 20% replacement coconut shells in flexural strength, other replacement can 
be used in producing lightweight concrete for structural application. 
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